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A method in current use for defect detection in thick walled 
components is the tandem technique [1]. With the aim to replace this 
cumbersome two-probe technique, a high sensitivity one-probe technique 
for the detection of perpendicularly oriented cracks and lack of fusion 
defects has been developed [2-4]. The high sensitivity of this 
so-called LLT-technique results from the effective mode conversion at 
the defect from a longitudinal wave to a shear wave and the exploitation 
of the specular reflections. In comparison to the tandem technique the 
LLT-technique shows an improved defect localization, improved 
accessibility of the inspection regions, minor obliquity dependence and 
minor cladding effects in the inspection of cladded components from the 
outside. Further, mode conversion effects can be used for a defect 
classification. 
PRINCIPLES OF THE LLT-TECHNIQUE 
The basic principle of the LLT-technique is shown on the left in 
Fig. 1. A LLT-probe is a special transmitter/receiver probe 
(T/R-probe). The transmitter excites a longitudinal wave with an angle 
of incidence 0 1 between so and 45°. This longitudinal wave is reflected 
at the backwall and impinges on the crack at a flat angle. Here most of 
the energy is mode converted to a shear or transverse wave, which 
travels back to the transducer at an angle of about 60°. The position 
of the sensitivity zones is determined by the proper choice of the angle 
pair of transmitter and receiver. 
The diagram on the right of Fig . 1 shows the total reflection 
coefficient RLLT for a large perpendicular strip-like reflector as a 
function of the angle of incidence 0 1• The total reflection coefficient 
is given by the product of the reflection coefficient RLL of the 
longitudinal wave at the backwall and the mode conversion coefficient 
RLT at the strip reflector. As can be seen, the total reflection 
coefficient reaches a maximum at an angle of incidence of about 40°. 
On the left in Fig. 2, the "optimal reflection line" for the large 
strip-like crack is depicted. This line is given by those points at 
which the mode converted waves are reflected exactly to the point of 
incidence of the probe for different angles of incidence 0 1• 
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Left: principle of the LLT-technique. Right: total reflexion 
coefficient R ur for a large strip-like reflector. 
The diagram on the right of Fig . 2 shows the corresponding time of 
flight curve as a function of the depth coordinate y for a 100 mm thick 
component. In contrast to the tandem technique there is a significant 
variation of the time of flight with the depth of the reflection point, 
i.e., the LLT-technique enables one to locate a defect by time of flight 
measurements . 
SENSITIVITY ZONES AND PROBE DESIGN 
Based upon the principles of physical elastodynamics the 
sensitivity zones for inspection frequencies of 1, 2 and 4 MHz were 
calculated. By varying the angle of incidence and the receiver angle 
and by varying the dimensions of the piezoceramics, position and 
extension of the LLT-sensitivity zones were optimized . These 
calculations showed that a subdivision of the wall of thick-walled 
components into three sensitivity zones is suitable. 
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Left: "optical reflection line" for the large strip-like 
crack. Right: Time of flight curve in dependence of the 
depth coordinate for a 100 mm thick component. 
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Fig. 3. -6 dB-sensitivity zones of the optimized 1 MHz-probes . 
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Fig. 4. Comparison of the tandem LLT- and the pulse echo technique 45° 
and 70°, Above: 20 mm disc reflector, below: 3 mm disc 
reflector. 
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Fig. 3 shows the positions of these 06 dB-sensitivity zones for the 
optimized 1 MHz-probe set. The angles of incidence are 7°, so, 22° and 
42o; the receiver angle is 60o for each probe. These sensitivity zones 
were calculated for a 7 mm-disc reflector. As can be seen, the three 
sensitivity zones cover about 80% of the wall thickness. It should be 
emphasized that this probe set can be used for different wall 
thicknesses; in the drawing the wall thickness is given in percent. 
Until now, we made the assumption that the exit point of the transmitted 
beam and the entry point of the transmitted beam and the entry point of 
the received beam coincide. If the exit point is situated a distance ~ 
ahead of the entry point, the sensitivity zones move down. Such a 
separation of the exit and entry points has the additional advantage 
that the transmitter and receiver ceramics can be arranged on two 
separated, smaller wedges, so that the probe dimensions as well as the 
dead zones can be reduced . 
The sensitivity with regard to the detection of disc-like 
reflectors of the tandem-, LLT and the pulse echo techniques 45o and 70o 
is given in Fig. 4. The calculations were made for an inspection 
frequency of 1 MHz. On the vertical coordinates of the diagrams, the 
normalized sound pressure at the receiver is given in a logarithmical 
scale. The horizontal coordinate represents the flaw depth in percent 
of the wall thickness. 
The diagram above was calculated for a disc reflector with a 
diameter of 20 mm, the lower one f or a 3 mm - disc reflector. It can b e 
seen, that in the case of large cracks, LLT and tandem technique are 
comparable in sensitivity; the sensitivity of the pulse echo techniques 
is significantly lower. For small defects however, the sensitivities of 
the LLT technique and the pulse echo techniques are about the same. The 
reason is that the directivity pattern of a defect, whose size is about 
the ultrasonic wavelength, is very broad . 
Fig . 5 shows the dependence of the receiver gain , the flaw depth 
and the flaw size for the three LLT-probes of the 1 MHz - set in form of a 
LLT-DGS-diagram. It was assumed that the flaw is a perpendicular disc 
reflector of diameter 3 mm, 5 mm, 10 mm and 20 mm, respectively. 
Furthermore, the case of the "infinitely large reflector" is also 
comprised. In contrast to the pulse echo - DGS - diagrams , the 
Fig. 5. 
594 
0 
r 
- 20 
(l) - 40 
w 
c 
ro 
\.:1 
-60 
- 80 
0 
wall thickness 135 mm 
45 90 
flaw 
size [ ~) 
135 
flaw depth [mm) ___.. 
(distance y l 
LLT-DGS-diagram of the optimized 1 MHz-probes for a wall 
thickness of 135 mm. 
LLT-DGS-diagrams cannot be normalized, i. e. for each wall-thickness, an 
own diagram must be used. The LLT-DGS-diagram shown in Fig. 5 was 
calculated for a wall thickness of 135 mm . 
INSPECTION OF THICK-WALLED COMPONENTS 
As mentioned already, the LLT-technique was developed especially 
for the detection of inner cracks perpendicularly oriented to the 
surface in thick-walled components with the aim to replace the tandem 
technique. As an example, the detection of a penny shaped crack with a 
diameter of 20 mm in a 176 mm thick diffusion welded steel specimen is 
shown in Fig. 6. The crack is situated at a depth of 88 mm. Above the 
outline of the specimen, the A-scans of a 1 MHz-LLT-, 1 MHz-tandem- 1 
MHz-45° pulse echo and a 2 MHz-70° pulse echo inspection is presented. 
In relation to 80% of the screen height, the crack is detected with 48 
dB, 52 dB, 76 dB and 107 dB with the LLT-probe, tandem method, pulse 
echo 45o and 70°, respectively. 
As expected, the tandem and the LLT-technique have about the same 
sensitivity. But the LLT- technique is a one-probe-technique and 
therefore the handling is much easier. Furthermore, inspection regions 
are accessible, which cannot be reached by the tandem technique, for 
example limited surface areas of inspection or curved components . 
It should also be mentioned, that longitudinal waves are less 
influenced by claddings than are shear waves. There fore the 
LLT-technique is less sensitive to interferences caused by the cladding 
in the case of the inspection to inside cladded components from the 
outside. Finally, the LLT-technique is selective with regard to cracks 
and lack of fusion defects, because the mode conversion is not so 
effective at inclusions and pores. 
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Fig. 6. Inspection of thi ck-walled components . Comparison of tandem- , 
LLT- and pulse echo technique. 
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INSPECTION OF THIN-WALLED COMPONENTS 
The LLT-technique can also be used for the inspection of 
thin-walled components . As an example Fig. 7 shows the detection of two 
perpendicularly oriented cylindrical bore holes in a 15 mm thick tube 
segment. The bore holes are situated near the weld seam and their 
diameter is 3 mm and 1 mm, respectively. The A-scans of a 4 MHz-LLT-
and a 4 MHz-60° pulse echo probe are compared. The 3 mm- and 1 mm- bore 
holes are detected with the LLT-probe with a receiver gain of 43 and 50 
dB, respectively. 
The 60°-probe, which uses essentially the corner effect, detects 
the bore holes with 59 and 69 dB, respectively. In addition, the 
A-scans at a defect-free region are presented. It can be seen, that the 
echoes generated by the weld edge at 10 dB and 6 dB smaller than the 
echo of the 1 mm bore hole, using the LLT-probe and the 60°-probe. 
DEFECT CLASSIFICATION 
We have mentioned that the LLT-technique is selective with regard 
to cracks and lack of fusion defects: evidently, the mode conversion is 
more effective at free strip-like boundaries than at curved boundaries, 
where the radius of curvature is comparable with the ultrasonic 
wavelength or at solid-solid boundaries. 
It can be shown that the ratio of the mode converted part to the 
nonmode-converted part is independent of the size in the case of the 
perpendicular strip reflector and has the same value for an ensemble of 
strip reflectors (5). On the other hand for spherical inclusions or 
voids, this ratio is significantly smaller. These theoretical and 
experimental observations suggest the use of mode conversion effects to 
distinguish between cracks and inclusions and to develop a 
classification method. 
The classification procedure proposed in Fig. 8 has proved to be 
practicable. First the maximum indication of the defect is obtained 
with an LLT-probe. Referring to 80% of the screen height, let Vftr (dB) 
be the instrument gain. At fixed position of the LLT-probe in a second 
step the nonmode-converted LLL-part is measured with a second receiver 
probe, where the receiver angle is the same as the angle of incidence of 
the LLT-probe. The instrument gain of the maximum LLL-indication is 
given by Vfu (dB). 
The difference 
is the ratio of nonmode-converted to mode converted part , which 
characterizes the type of the defect. However, this value is dependent 
on the absolute sensitivity of the LLT-probe and the longitudinal 
receiver probe. This dependence can be eliminated by calibration 6F on 
an ideal perpendicular crack-like reflector such as the bottom of a flat 
bottom hole or just a side wall. 
The wave conversion ratio measured at this reference reflector is 
given by 
Finally, the classification factor GF which characterizes the defect is 
given by 
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Fig. 7. Inspection of thin-walled components. Comparison be tween 
LLT-technique and pulse echo 60°. I nspection frequency : 1 
MHz. 
Flaw: 
l:l.F = V~L (dB) - V ~L T (dB) 
Calibration reflector: 
l:l.0 = V~ (dB) - VLLT (dB) 
Classification factor : 
Fig. 8. Defect classification. 
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The ideal crack under ideal inspection conditions is characterized by a 
classification factor of 0. 
It is decisive for the applicability of the method in the 
industrial environment that the classification factors of cracks and 
inclusions are separated far away and that despite of coupling effects 
and different defect geometries a reliable defect classification is 
possible . The experiences made until now at artificial and natural 
reflectors are very encouraging. The GF-factors of all measured 
crack-like defects are below 10. For example, the 20 rom-penny shaped 
crack shown in Fig. 6 is characterized by a classification factor of 1.2 
at an inspection frequency of 1 MHz . A similar penny-shaped crack with 
an orientation of 15o gave GF=2. Cylindrical bore holes with large 
diameters are also characterized by small factors, while GF increases 
strongly if the diameter becomes comparable with the ultrasonic 
wavelength: a 6 rom-cylindrical bore hole has, for example, GF = 9 
(inspection frequency 1 MHz). On the other hand, all inclusions 
investigated so far gave classification factors significantly above 10. 
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